Introduction
Magnesium (Mg) and its alloys have gained an increasing attention owing to their low density (³1.8 g/cm 3 ), high specific strength, excellent machinability and superior damping capacity. 1, 2) However, relatively inferior tensile strength and creep resistance of the Mg alloys at elevated temperatures in comparison with competitive Al alloys, have limited their further utilization as weight-saving structural material in automotive and aerospace applications. Consequently, major researches for widespread use of the Mg alloys have focused on the improvement in mechanical properties at elevated temperatures.
36)
Mg 2 Si phase is one of the useful in-situ intermetallic compounds for the enhancement of high temperature mechanical properties in the Mg alloys, due to its high melting point (1085°C), low density, high hardness and low thermal expansion coefficient. 79) However, Mg 2 Si is likely to have undesirable coarse Chinese script morphologies when the cooling rate is not extremely high, and this would cause deterioration of mechanical properties. 10) Recently, it was reported that Ca, P and Sb are effective modifiers of Mg 2 Si from Chinese script to fine polygonal type in MgSi based alloys, 10, 11) by which the mechanical properties are enhanced significantly.
11)
The present study is intended to investigate the modification effect of Bi on Mg 2 Si phase and corresponding damping characteristics in MgAlSi alloy, which is motivated by previous work that Bi can modify the primary and eutectic Mg 2 Si in MgSi binary system. 12) Similar to other mechanical properties, damping capacity is greatly affected by microstructural changes, thus, it can be expected that the morphological change of Mg 2 Si compounds would lead to an alteration of damping capacity.
Experimental
Two Mg7%Al0.5%Si alloys having 0 and 0.3% of Bi (mass%), were prepared by melting 99.9%Mg, 99.9%Al, Al 25%Si master alloy and 99.0%Bi under a (SF 6 + CO 2 ) covering gas, and casting into a metallic mould. From the ingots, various specimens for optical microscopy, scanning electron microscopy, damping measurements were prepared by machining. Chemical compositions of experimental alloys determined by an Inductively Coupled Plasma (ICP), are listed in Table 1 . Some samples are solution-treated at 413°C for 24 h, followed by a water quench.
Damping capacity was measured at room temperature by means of a dynamic mechanical analyzer (DMA, TA Q-800) in a strain amplitude range of 1 © 10 ¹6 to 6 © 10 ¹4 vibrating in a single cantilever mode. In this study, the damping capacity was evaluated as loss tangent (tan º), where º is the phase lag angle between the applied strain and the responding stress. Microstructural examinations were performed by optical microscope (OM, Nikon Ephipot-200BD) and scanning electron microscope (SEM, FEI Sirion Field Emission SEM) equipped with energy dispersive X-ray spectrometer (EDS).
Results and Discussion

Microstructures
The optical microstructures of as-cast and solution-treated Mg7%Al0.5%Si alloy are given in Fig. 1 . In as-cast state, the microstructure is characterized by coarse Chinese script type Mg 2 Si and eutectic ¢(Mg 17 Al 12 ) phases in the ¡ matrix ( Fig. 1(a) ). After the solution treatment, most of the ¢ phases are dissolved and only Chinese script type Mg 2 Si compounds with ³50 µm sizes are noticeable in the matrix ( Fig. 1(b) ). Figure 2 represents the optical microstructures of as-cast and solution-treated Mg7%Al0.5%Si0.3%Bi alloy. It is seen in the solutionized microstructure ( Fig. 2(b) ) that the Mg 2 Si compounds are refined and modified into polygonal type effectively, with the increase in number density. This result clearly indicates that the small amount of Bi addition in the MgAlSi alloy is very beneficial in modifying the morphology of Mg 2 Si phase, as in the case of MgSi binary alloy. 12) Figure 3 shows the SEM images and EDS compositional analyses on Mg 2 Si compounds for the solutionized Mg 
Damping capacity
Change in damping capacity (tan º) with strain amplitude for the solutionized alloys is given in Fig. 4 . The measurements of damping properties were carried out by using the solutionized samples, in order to investigate the modification effect of Mg 2 Si on damping capacity solely by excluding the intervention of ¢ phase. It is noteworthy that both Bi-free and Bi-containing alloys exhibit similar level of damping capacities in spite of the Mg 2 Si modification. This is inconsistent with the previous results obtained in the Mg AlSi alloy with Mg 2 Si modified by Sb. 11) As is well known, high damping characteristics of Mg and Mg alloys are associated with dislocation damping mechanism suggested by Granato and Lücke (G-L theory).
14,15) For a small stress, dislocation loops pinned by weak pinning points such as solutes, impurities and vacancies bow out and continue to bow out until the breakaway stress is reached. At this stress section, the damping capacity (¤ o ) is strain-independent. At the breakaway stress, dislocation segments break away from the weak pinning points without stress increase. The loss caused breakaway process from the weak pinning points is named as strain-dependent damping capacity (¤ H ). Thus, the total damping capacity (¤) can be described as follows:
In accordance with G-L theory, ¤ o and ¤ H can be expressed as: 11, 14, 15) 
where, µ and L d are dislocation density and average distance between weak pinning points, F B , E, L N , b, K and © are the binding force between dislocations and weak pinning points, elastic modulus, the average distance between strong pinning points such as precipitates and segregates, the Burgers vector, the constant and the size ratio of solvent and solute atoms, respectively. In the case of Mg 2 Si modification by Sb, the damping capacity becomes enhanced and the reason is ascribed to the increased dislocation density and plastic deformation zones, originating from the residual strain or strain accumulation caused by large difference between thermal expansion coefficients (TECs) of Mg and Mg 2 Si.
11)
From the theory of Narasimalu et al., 16) the size and geometry of the Mg 2 Si phase can exert a influence on the characteristics of plastic zones and dislocation density, and it is understood that polygonal type Mg 2 Si generates better damping capacity than Chinese script type Mg 2 Si by the contribution of increased dislocation density and plastic zones. 17) However, if the Mg 2 Si modifying element has some solubility in Mg like Bi, the ¤ o in eq. (2) and ¤ H (¾) in eq. (5) become deteriorated since the increased concentration of solute atoms yields higher © and lower L d (although the C 1 term will be increased by the decreased L d , ¤ H (¾) may well decrease by the increase in more influential C 2 term). Taking this into consideration, the similar level of damping for the Bi-free and Bi-containing MgAlSi alloys shown in Fig. 4 would be attributed to the high solubility of Bi, which eventually affects to offset the damping increment caused by the Mg 2 Si modification. Meanwhile, similar damping level of the Bi-free and Bi-containing alloys would hardly be related to increased Al solute concentration in supersaturated solid solution. In a previous work, Zhang et al. 18) reported that solution treatment (T4) can enhance strain-dependent damping capacity (¤ H (¾)) remarkably in AZ91D alloy, and explained that dissolution of ¢ phase acting as strong pinning points of dislocations, leads to the increase in C 1 by increasing L N without noticeable changes in L d and C 2 . From the facts that Bi-free and Bi-containing alloys have same Al composition, and added Si and Bi do not form Al-compounds, damping increment in response to solution treatment may well be same, thus, solution treatment does not affect the damping trend in both alloys.
Conclusion
Effects Bi addition on Mg 2 Si modification and damping capacities were investigated for the Mg 2 Si/MgAlSi(Bi) alloy composites. The small amount (³0.3%) of Bi addition is effective to modify Mg 2 Si phase from coarse Chinese script type to fine polygonal type. Even though the Bicontaining alloy has modified polygonal Mg 2 Si compounds, its damping capacity shows similar level with that of the Bifree alloy. The reason would be associated with the increased concentration of Bi solutes owing to its high solubility in Mg, which eventually plays a role in offsetting the damping increment obtained from Mg 2 Si modification.
